Analysis was conducted to recommend improvements in selection of default routes, which FAA's Enhanced Traffic Management System (ETMS) uses to project airspace sector demands before airlines file flight plans. The problem is that current ETMS default route predictions are poor for long-haul flights. This makes is difficult for air traffic managers to plan traffic flows.
Introduction
Twenty-four hours before a scheduled flight departs, data on this flight from the Official Airline Guide (OAG) is loaded into the Enhanced Traffic Management System (ETMS). This flight is then included in the sector demand predictions that ETMS makes and presents to traffic managers. Since the OAG does not provide the route of flight, ETMS's trajectory model uses a default route, which currently it generates by using the route that this flight has recently flown most frequently. These ETMS historical, default routes, which are used until the flight plan has been received, have been criticized as inaccurate, especially for flights longer than two hours. Since this inaccuracy degrades the predictions of sector loading, this is seen as a serious problem.
The objective of this study is to develop alternatives to the current method and to quantify the improvements that these alternatives could make in the accuracy of predicting routes.
The first alternative uses the route that minimizes the time en route, given the day's predicted winds. This alternative was found to perform worse than the current method.
The second alternative involves recomputing the historical routes every day instead of once a week as currently done. This is called the sliding FS method (ETMS messages that carry the OAG and historical route data are called FS messages). It was found that this alternative provided a significant improvement. For example, for one sample of 74,906 flights studied of more than 2 hours in length, the percentage of flights for which the route was correctly predicted rose from the current value of 68 percent to 75 percent.
The third alternative predicts the route for a later flight by using the route in a flight plan for an earlier flight, where the earlier flight must match the later in terms of airline, city pair, and aircraft type. This is called the previous FZ method (FZ is the name for flight plan messages). By using a previous FZ if it is available and using the sliding FS otherwise, the percentage of flights of more than 2 hours that are correctly predicted rises to 77 percent if one looks three hours before departure or to 76 percent if one looks six hours before departure. Moreover, this method gives especially large increases for the longest haul flights, which are hardest to predict. For example, for flights greater than 5 hours, the percentage of routes correctly predicted is 40 percent for the current method, 45 percent for the sliding FS method, and 52 percent three hours before departure for the previous FZ method.
Background
The Monitor/Alert function of ETMS predicts traffic demands for twenty-four hours into the future for airports, sectors, and fixes. A critical piece of data used by ETMS to make these predictions is the route that the flight will fly. If a flight plan has been filed, then ETMS uses the route in the flight plan. If a flight plan has not been filed, then ETMS must use a default route that is determined by ETMS. The FAA and airlines have expressed unhappiness with the low accuracy of these default routes, especially for long haul flights. Therefore, the purpose of this study is to investigate possible improvements to the way that ETMS determines its default routes. This analysis is only concerned with flights in the Official Airline Guide (OAG), and therefore only concerned with flights of air carriers, since these are usually the only flights for which a default route is needed.
A scheduled flight first enters the ETMS database 24 hours before the scheduled time of departure. (Prior to the deployment of the last ETMS version in November of 2004, a scheduled flight entered ETMS 15 hours before departure.) The OAG data available at this time contains flight ID, origin, destination, and aircraft type, but it does not contain flight path, cruising speed, or cruising altitudes. Currently, ETMS assigns data for these three fields (in a way to be described below) based on historical data for the same carrier, city pair, and aircraft type. The combined OAG and historical data for a flight enter ETMS in what is called an FS message, and this flight is then included in Monitor/Alert's traffic demand predictions. The flight path is commonly referred to as the "field 10" since it is the tenth field in a flight plan.
ETMS uses the historical route for making Monitor/Alert predictions until the flight plan (FZ message) is received. FZ messages are similar to FS messages, but an FZ contains the NAS user's (commercial airlines, general aviation, cargo companies, military, etc.) intended flight path, cruising speed, and cruising altitude. Since the data in the flight plan represents what the NAS user intends to fly that day for that particular flight, this data is more accurate than the ETMS historical data. Typically, FZs enter ETMS one to two hours before scheduled departure times. ETMS replaces the historical flight data received from the FS messages with the filed flight data from the FZ messages.
Several analyses have been conducted to study the problem of accuracy of ETMS's default route selection. A 1992 analysis carried out at Volpe preceded the initial development of the function that used historical routes with FS messages filed with ETMS. It showed a 94 percent match between routes of the FS and FZ messages when flights were grouped by city pair and airline; city pair alone was successful for 65 percent of the flights [1] . The metric for that analysis used exact match of textual route descriptions (known as fields 10).
A Volpe study by Kip Brown [2] found overall match rates at field 10 level at about 80 percent. A Metron Aviation study [3] used a different (and more liberal) metric to compare routes: the FS route is defined as similar to the FZ route if lists of sectors traversed by these routes match each other. The study found a match in 72 percent of all flights, while for flights longer than 2 hours a match was found only in about 38 percent of the flights.
We must be cautious when comparing these different studies because of differences in methodology and flight samples. At the same time the deterioration of default route predictive quality over the years may be a sign of increasing sophistication of airline operations, especially in flight planning.
Both traffic management specialists and airline representatives have pointed out that ETMS's historical routes often are wrong, especially for long haul flights. This degrades the Monitor/Alert predictions, especially of sector loading. This appears to be a serious problem, so improving the accuracy of the default routes would improve the usefulness of Monitor/Alert.
Monitor/Alert data is used to make demand projections for airports, sectors, and fixes, and also for flow evaluation areas/flow constrained areas (FEA/FCAs). The latter represent volumes of airspace with the capacity limited due to severe weather or projected traffic overload. ETMS manages FEA/FCAs and provides traffic managers with lists of flights that cross them.
The most important time frame for demand projection is usually the next 6 to 8 hours. NAS users submit flight plan messages one to two hours
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ahead of flight departure, thus a time gap exists when ETMS does not have reliable flight route data from the NAS users. Early intent messages submitted by airlines would alleviate this problem. These messages are not yet widely available, however, so an approach is needed that does not depend on having early intent.
Default Route Selection Problem

Airline Route Selection
Prior to receiving route data from an airline for a flight, ETMS needs to predict the route that the airline will file for that flight. Among the factors that influence airline route selection are the following [4] .
• It must be stressed, however, that ETMS does not have specific knowledge of each airline's business priorities, and ETMS does not have specific data on each flight such as how heavily the aircraft is loaded. ETMS can only predict default routes based on the data that it has. At the beginning of this study, one alternative considered was to acquire airline flight planning software and to use it to predict routes. Discussions with airline personnel, however, led to the conclusion that ETMS does not have access either to the values of the parameters used by each airline or to the flightspecific information that is fed into flight planning software; it was judged that this was not a fruitful approach.
This led us to ask what is the best approximation that ETMS can make using the data that is available, and this led to the least ETE (Estimated Time En-route) approach described below, which was the beginning point of this study.
Current ETMS Approach: Most Popular Historical Routes Used as Default Routes
ETMS currently chooses its default route by looking at the most popular route filed over the previous week for each city pair and airline and assuming that this route will be flown. These routes are often called historical routes, or FS routes
In more detail, default routes are currently chosen in the following way. When an air carrier or air taxi flight plan is received, ETMS saves the following data:
• flight ID • aircraft type • origin and destination • route of flight • speeds and altitudes
Once a week ETMS processes the flight plan data collected over the previous week and for each airline and city pair selects the most commonly used route as the historical route. Sometimes two routes are chosen that differ by aircraft type. Then, when a specific flight is fed from the OAG into ETMS twenty-four hours before departure, the relevant historical route is used for trajectory modeling.
This approach seems to work sufficiently well for short (shorter than 1 hour) and short-medium (between 1 and 2 hours) flights. However, the longer the route, the more choices airlines have, and the harder it is for ETMS to predict what the choice would be.
Route Predictions for Longer Flights
To see why it might be difficult to predict the route that will be filed for a long haul flight, consider the situation shown in Figure 1 . The data reflects the route choice by two airlines on a crosscountry route for flights filed for a city pair for the same time period (45 days, January -February 2003). The question is: based on airline operations, how much can be done to improve route predictions?
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Airline A had 90 different routes for 116 flights filed during this time; 56 routes were used only once representing about 48 percent of flights; the maximum number of flights using the same route was 12, which represented about 7 percent of the flights. Airline B had 19 different routes for its 160 flights filed during the same time; 10 routes were used only once representing about 6 percent of flights; maximum number of flights using the same route was 98, which represented about 61 percent of flights. This shows that for airline B, it is fairly easy to do a good job of predicting the route, but it is very difficult for airline A.
The routes were compared by field 10 texts; however the routes were widespread geographically, too, when shown on the US map.
Our discussions with airline personnel indicate that in the future the fragmented route choice exhibited by airline A might well become the more typical mode of operation.
Figure 1. Airlines Differ in Route Selection Patterns
Searching for a Better Approach to Model User's Route Selection
For the current analysis effort, several methods to select default routes were proposed, tested, and analyzed.
For one airline, one city pair, and a specific aircraft type, let us consider a route candidate pool as composed of routes filed in the past by the airline, the city pair, and the aircraft type. Then let us consider the following methods of route selection.
• Frequency of use (FS method): Of the route candidates, use the most popular one filed during the previous week; this is the current method used to select a default route.
• Least estimated time en route (LETE method): Of the route candidates, use the ETMS trajectory model to pick the least-time route, given the day's winds.
• Recency of previous use (Previous FZ method): Use flight plans (FZ messages) filed earlier in the day by an airline to predict routes filed by the same airline later in the day. These methods will be described and evaluated in the following section. An additional method that combines these three methods is covered in Appendix I. If fully implemented it might have potential benefits.
Collecting Data for Analysis
For the analysis, only commercial flights were used. The set of flights was limited to those between 80 major US airports. The data that is analyzed in this study was collected for two periods. First, for 15 days in the summer of 2003, data was gathered for about 47,000 flights that were longer than 2 hours. Second, for 20 days in the winter of 2004 (i.e., the first few months of calendar
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2004) data was gathered for about 113,000 flights that were longer than 500 miles.
ETMS submits FS messages for scheduled flights 24 hours prior to departure (when this analysis was conducted this value was 15 hours). ETMS receives updated wind forecasts every 3 hours. For the analysis, all the routes filed by each airline for each city pair and aircraft type were stored. For each flight these routes were later "filed" as fake FS messages with every wind update between the original FS message and the departure, 5 times total. This provided the estimated time en route (ETE) from the ETMS trajectory model as well as the list of sectors that the routes traversed. The number of routes filed for each flight varied widely, say, from 10 to 100, with the average around 20.
It was confirmed in the course of the analysis that the predicted winds change during the day but very slowly, and so changes in the wind projections do not seem to appreciably affect route choice over the course of one day.
The flight data was grouped by length of flight.
Various metrics were considered to measure the quality of route prediction, namely various ways to estimate the percentage of flights for which the filed route was correctly predicted.
• Literal textual match between field 10 of a default route and field 10 of a FZ route.
• "Distance" between a default route and These metrics were applied to various data samples. In most cases, different metrics would produce different percentages of flights for which FS and FZ routes would match. The literal match of field 10s was not an appealing metric since different field 10s can represent exactly the same route. Examination of the performance of these metrics led to the conclusion that the results do not depend sensitively on which metric is used. We decided to use only one metric, complete sector list match between a default route and FZ route.
Late in the study one more metric was introduced: percentage of time spent by all the flights in the proper sectors. This metric better reflects actual sector loads used in Monitor/Alert. It is discussed in the Appendix II.
Results and Discussion
Current Approach vs. Least ETE
The rationale for the least ETE (LETE) approach is that a good candidate for prediction for the route that will be filed is the route that, according to the calculations of the ETMS trajectory model, yields the least time in the air of all the recently filed routes. The LETE route can be considered to be an approximation to the least cost route. In fact, the original rationale for this study was that airline personnel pointed out that the ETMS historical routes sometimes led to ETMS assuming a route that was flying right into the jet stream and that was a very poor estimate of the route for that day. For example, consider the row under winter 2004 for flights that were between 3 and 4 hours in length. It is seen that there were 17,806 of these flights. The current (FS) method correctly predicted the route for 58 percent of these flights. The LETE method correctly predicted the route in 42 percent of these flights. Other rows are interpreted analogously. In this table and others the percentage correctly predicted is calculated using the sector-list metric. The following conclusions can be drawn from the table.
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First, the results vary significantly by season. For example, for flights between 3 and 4 hours, the FS method provided the correct route in the winter 2004 in 58 percent of the cases, while in summer 2003 in 45 percent of the cases. We conjecture that the explanation of better is more stable in the winter.
Second, these results indicate a fundamental finding that appears to be generally true, which is that the longer the flight, the harder it is to predict the route. The explanation for this appears to be that because there are so many more route choices for longer flights, it is harder to predict the specific route that will be filed for a particular flight. Metron study [3] also supported this conclusion.
Third, the current method provides very good results for short flights. This table only covers flights that are more than 500 miles; in winter 2004 there were 37,678 flights of more than 500 miles but with an ETE of less than 2 hours, and the FS method correctly predicted the route for 90 percent of these flights. (Note: It is worth mentioning that the number of really long flights (the last two categories in each group, 4-5 hours long and longer than 5 hours) is small comparing to overall number of flights. This means that even with lower predictability of default routes for these flight groups their impact on the overall Monitor/Alert should be limited.)
Finally and most importantly, the FS method is consistently better than LETE. This finding at first was a surprise because the FS method does not take into account the winds on the day of flights and the LETE method does. We had conjectured that using the knowledge of the day's winds should have been a clear winner. After a careful analysis, however, we determined the apparent reason for this initially surprising result.
The reason is that in the distribution of the ETEs for the route candidates that had been run through the ETMS trajectory model the lower end is always crowded. This means that out of, say, 20 route candidates, it were often two or more routes
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with the same least ETE, plus possibly several more with ETE only a few minutes greater. So several "best" routes competed for the first spot, and the LETE method could not always choose the same one that the airline would later file. Also, several minutes' difference in ETE estimation could have easily been explained by difference in wind model of the airlines and ETMS. The conclusion is that using the least ETE method alone is a poorer predictor than using the FSs, but, as discussed in Appendix I, there might still be some use that could be made of LETE in combination with other methods.
Weekly Updates vs. Daily Updates
The database of historical routes is currently updated once a week, namely every Wednesday. To see how this can result in stale data being used, consider an example. Early in the morning of Wednesday, December 15, new historical routes were calculated using data for the week December 8-14. This means that when these new historical routes began to be used on December 15, these routes were based on data from December 8-14 that was from 1 to 7 days old; these routes were still being used on Tuesday, December 21, at which time these routes were still based on data from December 8-14 that was now from 7 to 13 days old.
In other words, historical routes were being used on December 21 that were based on data that was needlessly old. This study looked into the question of whether it mattered that needlessly old data was being used.
In the current system, new historical routes are created once a week. As an alternative, assume that new historical routes are still based on a week's worth of data but that they are created every day. For example, under this alternative, on December 15, historical routes being used would have been based on data from December 8-14, just as in the current system; on December 21, in contrast, the historical routes would have been based on data from December 14-20. This method of calculating new historical routes every day is called the sliding FS method. The rationale for the sliding FS method is that 6 days a week the default routes that are chosen will be based on more recent data, and this leads to the conjecture that they might be better. Table 2 compares the baseline (current approach, FS method with weekly updates) with the sliding method in which new historical routes are created on a daily basis. The data shows that the sliding method is better across the board, for all seasons and all flight groups. 
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As can be seen from the table, the absolute improvement demonstrated by the sliding method is mostly about 5-7 percent. This means that the number of flights where FZ routes are correctly predicted by FS routes is about 5-7 percent higher for the sliding method.
It is smaller -4 percent -for winter 2004 flights that are shorter than 2 hours because the baseline is rather high -90 percent, there is not much room for improvement. It is also small -2-3 percent -for the summer 2003 flights that are longer than 4 hours for the very opposite reason: the baseline data values are small -32 percent and 25 percent.
However, this perception changes if to look at relative improvement. This is why the last column of the table is included. As is seen from the table, relative improvement by the sliding method for most of the flight groups is between 7 percent and 12 percent. It is 8 percent or higher for flights longer than 2 hours.
We tried variations of the sliding window size: two weeks, four weeks, three days. It turned out that one week showed the best results.
Previous FZ Method
Consider a flight between a city pair flown by a particular airline with a particular aircraft type. If that airline has flown another flight between the same city pair with the same aircraft type a few hours before the flight in question, then the route filed for the first flight can be used as a prediction of the route that will be filed by the second flight.
The route in a previous FZ can be thought of as a sort of early intent. Since we have found that winds change slowly over the course of a day, the route that an airline actually filed for one flight can be taken as a rough statement of its intent for a succeeding flight.
This approach is called the previous FZ method and it can be summarized in the following algorithm that describes the default route that ETMS will use for a particular flight. In other words, the algorithm is to use the previous FZ if there is one; if there isn't, then use the FS route. Table 3 shows the basic results for the previous FZ method. Data for this analysis is only available for winter 2004. 
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To see how this table is interpreted, consider the flights between 3 and 4 hours in length. Fifteen hours before departure, there will be some of these flights for which there is no previous FZ within 24 hours of departure, so the FS route is used; for other flights, however, there will be one or more previous FZs, and so in this case the route from the most recent previous FZ is used. This method results 15 hours before departure in the correct prediction of the filed route in 63 percent of the cases. If we then jump ahead to 12 hours before departure, there will be some previous FZs that come in during the three hours between 12 and 15 hours before departure; these are used to predict the route, and this is enough to raise the percentage of correct routes to 64 percent. Similarly, over time more FZs are received, and these gradually raise the percentage of correct routes. Three hours before departure, ETMS will have correct routes for 69 percent of the flights.
Initially, two conclusions can be drawn from Table 3 . First, the longer the flights, the poorer the predictions are; the same was true in the case of Table 1 and Table 2 .
Second, the closer the previous flight is (in time of departure) to the actual flight the better the performance of the previous FZ method.
To make these results stand out more clearly, consider the last column of the table -"Sliding FS" in combination with the rest of the table. This column shows the percentage correctly predicted by the sliding FS method; these numbers are taken from Table 2 . Also, consider that cells are shaded that show the earliest time that the previous FZ method gives results that are as good as or better than the sliding FS method. For later times, the previous FZ method provides better results than the sliding method. Now, one can draw several additional conclusions from Table 3 .
First, for the flights with routes longer than 500 miles and the flying time shorter than 2 hours the previous FZ method is better than the sliding FS method. Though both numbers are high -in the mid-nineties -and the margin of difference is only 1 percent, it is worth mentioning. The reason for this difference might be that these flights in general are scheduled to fly more often and thus a previous flight route works like the early intent route. Also, for flights shorter than 2 hours the route choice is not that wide as for longer flights.
Second, for the flights which are shorter than 500 miles and were not a subject of this study it might as well be beneficial to switch from the FS to Previous FZ method. This suggestion would need to be separately investigated.
Third, for flights longer than 2 hours it is seen that moving through time, the earlier previous FZ predictions are worse than sliding FS predictions, but the later previous FZ predictions are better.
From the third conclusion the following strategy for ETMS default route predictions may be derived.
• For a flight that is projected to fly less than 2 hours use previous FZ method (at least when the previous route is available within reasonable time frame).
• If a flight is projected to fly longer than 2 hours, start with sliding FS route when FS message is submitted. And then switch to a previous FZ route if it becomes available around 6-9 hours prior to the flight's departure. Update the predicted route with each newly available previous FZ. This strategy will not improve Monitor/Alert sector loading data for all time intervals, but will improve predictions for the time interval that is most crucial for purposes of traffic flow management -around 6 hours prior to flights' departure.
A simpler strategy with nearly the same benefit might be to start with the FS route in every case but to switch to the previous FZ at 6 hours prior to departure.
Further research may be needed to better investigate and then adjust the times of switching from one method to another. It might be that the best results will be achieved by a flexible selflearning strategy that adapts over time based on the recent performance of various methods.
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For 4-5 hour and longer flights the border cells (which are colored in Table 3 ) appear earlier than for 2-3 and 3-4 hour flights. The reason for that might be that the longer routes depend most strongly on the winds, and the projected winds change slowly over time. So these are the flights for which Previous FZ provides the most information. (Interestingly, for the flights shorter than 2 hours Previous FZ is also good predictor, but for a different reason).
Conclusions and Recommendations
This study shows that there is a room for improvement in default route selection. The specific recommendations to be implemented shortly are:
1. Implement the sliding FS method as soon as possible. It looks like this is reasonably easy to implement, and this is the most beneficial. 2. Implement the method that combines previous FZ with sliding FS. This definitely brings improvements, but this will be considerably more complicated to implement than the sliding FS method.
In addition to that, creation of software to permanently monitor Monitor/Alert performance, quality of route predictions would be beneficial.
This does not preclude from further attempts to convince the airlines to file flight routes earlier. Though this creates additional load on airlines' flight planning process, it might be that this load will be limited. The airlines often complete flight planning 2-3 hours prior to the flight. For long flights it may be good enough to cover substantial portion of the flight. For example, consider a flight 4 hours in length, which was filed 2 hours prior to the flight. Then for the second half of this flight the route was predicted at least 2+2=4 hours in advance. Also, nightshift dispatchers may do preplanning.
This type of analysis might be revisited in the future to further improve route predictions.
Then this approach throws out all routes that, given today's winds, are inappropriate because they show long ETEs. Then, from the set of appropriate routes it chooses the route that appears in the previous FZ if available and otherwise the route that has recently been flown most often. Table 4 shows the results. The results in this table were calculated in a somewhat different way from the tables above. The time to consider the previous FZ for a flight was the time of the wind update that occurred between 3 and 6 hours before departure.
The main conclusion is that the combined approach is better than sliding FS approach, but slightly worse than the previous FZ approach. Also, it is more difficult to implement than the previous ideas. Nevertheless, this approach is worth considering. Appendix II: Time-in-Sector Metric A question not answered by this analysis is: What is the best absolute way to measure the degree of the correctness of the default route? As it is mentioned above, a number of metrics were considered and finally the sector-list was used during the course of the analysis. This metric proved to be sufficient for a comparative analysis of the default route algorithms. At the same time, however, one more metric deserves to be mentioned; Mike Brennan (Metron) should be credited with the idea.
The new metric, referred to as time-in-sector metric, can be best explained in contrast to the sector list metric. The sector list metric requires an exact match between the sector list for the default route and the sector list for the FZ route. Using this metric, a default route that matches 95% of the right sectors is counted the same as a default route that matches none of the right sectors; that is, as a failure. In fact, the 95% matching route contributes much more positively to Monitor/Alert and should receive a much higher grade.
The time-in-sector metric provides a fairer grade by considering the percentage of time that each flight spends in the right sectors, and accumulating these percentages to compute the overall score. Furthermore, the time-in-sector not only considers which sectors match but how much time each flight spends in the right sectors and wrong sectors. When aggregated, the time-in sector metric provides a true indicator of what percentage of time the default routes put flights in the right sectors. Table 5 presents a comparison of the time-insector metric and the sector list metric for different default route algorithms. As one can see, the relative comparisons between the algorithms are all the same: the longer the flights, the poorer the predictions; the FS method is better than LETE (sliding LETE means LETE-data collected with sliding window as well as for FS-data); the previous FZ method is better than the FS; finally, the combined method is a little worse than previous FZ. All the conclusions of the main analysis are unchanged. 
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